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Major forces operating in the phenomena of agglutination and
precipitation have been recognized for some years, but there are
many points bearing upon the intimate mechanism of the union
between antigen and antibody that are still obscure. The work here
described was concerned with the possible relationship between sur-
facetension and the agglutination ofantigen particles.
It seems advisable first to discuss two factors definitely known to
participate in these serological reactions.
Bacterial agglutination was recognized as a two-stage phenomenon by
Bordet,2 who observed that bacteria which had adsorbed agglutinins were
stable in distilled water, although possessing the "qualite d'etre coagulables"
when salt was added.
Since this initial observation was made a voluminous literature has accumu-
lated pertaining to the effect of inorganic salts on bacterial agglutination. It
has been shown by Buxton and Teague3 and by Shionoya26 that bacteria
sensitized with antiserum are influenced more by the cation than by the anion
of common salts, and that the potency of the salt in agglutinating sensitized
bacteria increases with the valency of the cation.
Northrop and DeKruif20 not only measured the effect of salts in discharg-
ing the surfaces of organisms, but they also devised a method for estimating
the effect of salts on the cohesion between bacterial surfaces. Their method
utilized two glass slides coated with organisms which had been made to adhere
to the glass by slight heating. One coated surface was allowed to rest upon
the other and the force, in dynes, necessary to separate the slides was deter-
mined. It was found that the character of the surfaces changed when the
slides were soaked in certain solutions. In sodium chloride, for example, the
cohesiveness decreased progressively when the salt concentration was more
than 0.01 N. Thus, these workers were able to correlate the influence of
various salt solutions in agglutinin systems with two effects of the salt; first,
the charge on the antigen particle, and second, the "stickiness" of the bacterial
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surface. This explains why a small amount of salt is necessary for aggluti-
nation, in order to lower the otherwise high negative charge on the organ-
ism, whereas the same salt in more concentrated solution may prevent
agglomeration by lowering the cohesive force of the cells.
Northrop and DeKruif emphasized the fact that the function of immune
serum is not to give the bacteria a more "sticky" surface than they possess
in distilled water, but to give them a coating which is as cohesive in salt
solution as it is in distilled water. In other words, immune serum protects
the bacteria from the depression of cohesive force caused by physiological saline.
The work of Shibley24 confirms this view.
No essential difference has been found in the forces responsible for bacterial
agglutination and those acting in specific precipitation. In the absence of
salt, horse serum can be united with antiserum without giving a visible pre-
cipitate, as observed by Rochaix et al.23 Again, the precipitating activity of
the cation increases with valency.
While studying the flocculation test for syphilis, Eagle6 noted that normal
serum differed from immune serum in not changing the critical potential of
the antigen particle when coating it. Therefore, the action of positive serum
;appeared to be the formation of a globulin coating which was hydrophobic
even in relatively high salt concentrations, such as the 0.85 per cent sodium
chloride used most often in titrations.
Hemagglutination, likewise, has been found to conform, in its essential
principles, to bacterial agglutination. It was determined by Northrop and
Freund22 that sensitized erythrocytes agglutinated whenever the charge on
.their surface was less than 12 mv. These workers, and also Netter,18 showed
'that unsensitized cells were not agglutinated by concentrated solutions of salts
although the charge was minimized, and they concluded that, as with bacteria,
high concentrations of salt must depress the cohesive force of the surface
unless the cell is coated with antibody.
A demonstration of the lack of adhesiveness of the erythrocyte surface
when in physiological electrolyte concentration had been given earlier by
Szent-Gy6rgyi,27'28 who found that when a solution of undiluted blood
infected with trypanosomes was examined in a cataphoresis chamber, the
negatively charged erythrocytes did not adhere to the positively charged try-
panosomes. Diluting the blood with a non-electrolyte, e.g., with sugar, caused
the red cells and trypanosomes to remain together whenever a contact was
made. Such an agglutination could then be dispersed by adding Ringer's
jolution.
However, tri- and tetra-valent cations agglutinate red cells by their power
to reduce the charge more rapidly than the cohesiveness. Lanthanum, as an
example of a tri-valent cation, is an especially strong hemagglutinin according
to Kozawa.'2 He noted that the relative susceptibility of blood of different
species to lanthanum agglutination could be correlated with their relative
original charge, as determined by cataphoresis.
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In summary, evidence exists to support the thesis that specific frecipitation,
bacterial agglutination, and hemagglutination occur whenever the charge on
the antigen-antibody complex is reduced below a critical potential of from 12
to 15 mv., and that such a reduction is accomplished by electrolyte. Immune
serum serves the purpose of preserving the hydrophobic property of the antigen
in a concentration of electrolyte in which the antigen particle would otherwise
be hydrophilic.
The present investigation was undertaken to determine whether, in addi-
tion to the forces described above, surface tension is of importance in immu-
nological reactions. Several investigations bearing on this problem have
been reported.
Two references are available bearing upon precipitin tests conducted in
the presence of a surface-tension depressant. Niederhoff" noticed that sap-
onin would inhibit flocculation of syphilis reagin with positive sera. This
observation was confirmed by Takenomata,29 who found that many specific
and non-specific precipitin reactions were inhibited by saponin. He also dis-
covered that aggregates could be redispersed by this compound, especially if
there had been an excess of either antigen or antibody present for their original
formation. Neither author suggested an explanation for this action of saponin.
More studies have been reported with surface-tension depressants and
bacterial agglutination. Insertion of sodium lauryl sulphate into a bacterial
agglutination system had been made by Cowles,4 who noted an apparent
drop in antiserum titer. Earlier, Mellon, Hastings, and Anastasia"5 had redis.w
persed spontaneously agglutinating strains of B. diphtheriae with sodium
oleate. They failed to prevent spontaneous agglutination by either caprylic
or nonylic alcohols.
Tulloch8' employed alcohol in specific agglutination of B. typhosus and did
not consider the slight variations which he found to be significant.
Noting that the charge on pneumococci was increased in a solution of
sodium oleate, Falk and Jacobson7 determined that, presumably as a con-
sequence, agglutination in immune systems was inhibited. Pneumococci of
Types, I, II, and III were similarly affected.
No report of surface-tension depressants inserted into erythrocyte-agglu-
tinin systems has been found. However, numerous surface-active substances
have been studied in connection with a similar phenomenon, erythrocyte sedi-
mentation. Amyl alcohol, isobutyl urethane, phenyl urease, heptyl alcohol,
and acetophenol all decrease the rate of sedimentation of red cells in a column
of fluid, according to Linzenmeier."4 It has been demonstrated by electro-
phoretic studies (Fahraeus,6a Hober and Mondl"') that the rate of sedimenta-
tion of red corpuscles is a function of the charge which they carry. The inter-
pretation of Linzenmeier was that the substances listed above become highly
concentrated on the erythrocyte surface, due to their surface-active proper-
ties, and, therefore, they displace other, materials which tend to decrease
the charge.YALE JOURNAL OF BIOLOGY AND MEDICINE
Since the findings of Falk and Jacobson had indicated that sodium oleate
inhibited agglutination by increasing the charge on the bacterial bodies, it
remained to be determined whether all classes of ionizing surface-active agents
would influ'ence serological systems in the same direction and by the same
mechanism, or whether agents which are surface active and not electrically
active would be without effect, as the work of Mellon et al.15 might suggest.
Methods
In the present work precipitation and agglutination tests were conducted
in a menstruum of various surface-tension depressing agents. There was,
of course, no way of determining the effect of these agents upon the antigen-
fluid interface. It is generally assumed, however, that their action at the
solid-fluid boundary is similar to their action at the air-fluid interface.
The surface-tension depressants were of three classes: alcohols, soaps, and
esters. Either sodium chloride or a buffer solution was used as a base in all
of the tests.
Prec-piptin tests
Alcohols. The number of alcohols suitable for use as diluents
in precipitin tests was limited by the tendency of the alcoholic solu-
tions to precipitate serum, especially at 370 C. Octyl, hexyl, and
butyl alcohols could be used, and the results obtained when they
were inserted in anti-sheep serum precipitin tests can be briefly sum-
marized by stating that neither the ratio of optimal proportions nor
the rate of the reactions was influenced. A saturated solution of
hexyl alcohol, having a surface-tension reading of 33 dynes, the
lowest of any of the alcoholic solutions tested, caused no detectable
variation.
Soaps. It was found that there were few soaps which give clear
solutions in concentrations sufficiently great to lower surface tension.
Sodium oleate proved to be one of the most suitable for the present
needs. Table 1 records the results when this soap was added to 0.2
per cent sodium chloride, the diluent in the control.
It was noticed that precipitation was slowed in the optimum
range and completely blocked in tubes on both sides of this optimum
zone. In general, the more concentrated the soap solution, the
greater the inhibition, but sodium oleate in concentrations of 0.02 to
0.0002 per cent showed some irregularities which might be worthy
of further study. Also, reasons cannot be given to explain why the
completeblockingoccurred sometimes inthe pro-zone and sometimes
in the post-zone.
Most interesting was the observation that when this same soap
was added to a system in which 0.85 per cent sodium chloride was
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TABLE 1
PRECIPITIN TEST WITH SODIUM OLEATE IN 0.25 %o NaCl
(Antiserum =Anti-sheep rabbit serum 1:20, Icc.)
0.2%
Sheep NaCI
serum only
Diduent of both the serum and the antiserum
0.2% Na 0.02% Na 0.002%o Na 0.0002% Na
oleate in oleate in oleate in oleate in
0.2%?o NaCI 0.2% NaCI 0.2% NaCI 0.2%o NaCI
cc. min. min. min. min.
1.0 * very
0.9 - fine
0.8 31 flocks -
0.7 21 which 21 - 35
0.6 19 do not 19 - 19
0.5 17 progress 16 20 17
0.4 12 13 20
0.3 15 15 20
0.2 23 24 23 -
0.1 30 -
Appear- Clear Slightly Cloudy, Clear
ance cloudy hard to read
* All negative tubes showed no reaction at the end of 1 hr.
the diluting fluid, reactions occurred as though no soap were present.
A possible explanation of this will be given later. Surface-tension
readings of sodium oleate solutions, made with the Du Nouy tensi-
ometer, showed little difference in the surface tension of the soap
solutions when the sodium chloride content was varied. Such read-
ings aregivenbelow.
Concentration
ofNaoleate
2.0%7o
0.2%
0.02%
0.002%
0.0002%9
Surface-tension readings
In 0.85%7o NaCI In 0.2%o NaCI
dynes dynes
26.4
25.3
26.0
43.1
67.5
25.9
25.2
25.4
43.1
67.7
Similar tests were made with sodium ricinoleate. This soap,
even in 0.85 per cent sodium chloride, completely inhibited precipi-160 'YALE JOURNAL OF BIOLOGY AND MEDICINE
tationwhen used in a one percent solution (surface-tension reading=
35 dynes).
Esters. Three esters were employed in precipitin tests: Aerosol
O.T., Aerosol O.S., and sodium lauryl sulphate. Aerosol O.T.,
as indicated by Table 2, in 0.05 and 0.005 per cent solutions
definitely inhibited precipitation. A more dilute solution, 0.0005
per cent, did not influence the reaction in any mann-er.
TABLE 2
PRECIPITIN TESTS WITH AEROSOL O.T.
(Antiserum=Anti-sheep rabbit serum 1:20, 1 cc.)
Diluent of both serum and antiserum
Sheep 0.85% 0.05% Aerosol 0.005% Aerosol
Serum NaCI O.T. in O.T. in
1 cc. only 0.85%yo NaCI 0.85% NaCI
1:20 1 hr. 1 hr.
1:40 14 min. 1Y4 hr. 14 min.
1:80 16 min. 16 min.
1:160 19 min. 19 min.
1:320 40 min. 40 min.
Control,
2 cc. 1:20
sheep serum
Concentration Surface tension
0.05%o Aerosol O.T.=25.1 dynes
0.005%o Aerosol O.T.=28.0 dynes
0.0005%o Aerosol O.T.=43.9 dynes
Aerosol O.S. was found to be inactive as an inhibitive agent.
When this ester was used in more than 0.05 per cent concentration
it formed cloudy solutions; it is possible, of course, that it would
have been effective could it have been used in a more concentrated
state.
Results with sodium lauryl sulphate (Table 3) showed that a
concentration of 0.5 per cent of this ester completely prevented the
appearance of precipitate. Occasionally these negative tubes were
allowed to stand at room temperature or were placed in the ice-box
for 24 hours, and even at the end of this period no turbidity had
appeared. With 0.05 per cent of the reagent, precipitation occurred
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per cent sodium lauryl sulphate caused delay in the post-zone region.
Flocculation times with 0.0005 per cent of the reagent were not sig-
nificantly different from those in the control.
TABLE 3
PRECIPITIN TESTS WITH SODIUM LAURYL SULPHATE
(Antiserum =Anti-human rabbit serum 1:20, 1 cc.)
Diluent of both serum and antiserum
Human 0.85%o 0.5%7o SLS* 0.05% SLS 0.005%o SLS
Serum NaCI in 0.85% in 0.85%o in 0.85%o
1 cc. only NaCI NaCI NaCI
min. hrs. min.
1:50 -t -
1:100 60 - 65
1:200 75 - 75
1:400 52 - 52
1:800 52 - 52
1:1600 54 52
1:3200 54 50
1:6400 48 2 2/3 50
1:9600 60 - 75
1:12,800 61 90
Control - -
* SLS=Sodium lauryl sulphate.
t All negative tubes had shown no reaction at the end of 4 hours.
Concentration Surfce tension
0.5%o Sodium lauryl sulphate 27.8 dynes
0.05% Sodium lauryl sulphate 29.4 dynes
0.005%o Sodium lauryl sulphate 32.8 dynes
Thus it is seen that as regards the phenomenon of flocculation
alcohols did not alter the reaction, while certain soaps and esters were
found to inhibit the formation of floccules.
Bacterial agglutination tests
Alcohols. Heat-killed B. typhosus antigen suspension, contain-
ing about 450,000 organisms per cubic centimeter, was used in
agglutination tests with its homologous antiserum. Incubation was
carried out at 37°C. for two hours and in theice-boxovernfight. The
alcoholic solutions were used to dilute both the suspension and theYALE JOURNAL OF BIOLOGY AND MEDICINE
serum. Octyl alcohol in concentrations of from 0.04 to 0.004 per
cent brought no change in the course of the agglutination. Butyl
alcohol in 0.45 and 0.9 per cent likewise was ineffectual. The sur-
face-tension values for these solutions were:
0.04%o Octyl alc. = 41.8 dynes
0.004%o Octyl alc. = 69.5 dynes
0.0004%o Octyl alc. = 55.8 dynes
0.9%o Butyl alc. = 55.8 dynes
0.45%o Butyl alc. = 56.5 dynes
Soaps. In these tests the heat-killed B. typhosus suspension and
a heat-killed Staphylococcus aureus suspension containing 300,000
organisms per cubic centimeter were used. Tests were made with
0.5 cc. ofantigen suspension and 0.5 cc. of diluted homologous anti-
serum, both made up in the mixtures of soap-sodium chloride.
Changes in the agglutinin systems brought about by the soaps
are summarized below.
Titer of anti-typhosus serum against B. typhosus
0.85%So NaCi .............. ....................... 1:32,000
1% Sodium ricinoleate in 0.85%go NaCl .................. 1:2000
2% " " " " ".................. 1:1000
4IC" " IC C . ................. 1:1000
0.2%o NaCi ............. ........................ 1:1280
0.05%o Sodium ricinoleate in 0.2%o NaCl ............ 1:20
Titer of antiserum against Staphylococcus aureus
0.85% NaCi .1:5120
0.05%o Sodium myristate in 0.85%So NaCl ............ 1:160
0.85%o NaCi .............. ....................... 1:2560
0.05%o Sodium oleate in 0.85%o NaCl .1:2560
0.2%b NaCl .............. ....................... 1:1280
0.05%b Sodium oleate in 0.2%o NaCl .................... 1:160
It is evident that sodium ricinoleate and sodium myristate can
reduce the titer of agglutinating sera and that sodium oleate likewise
has this power of inhibition if it is placed in a menstruum of 0.2 per
cent rather than 0.85 per cent sodium chloride.
Esters. The technic was the same as when alcohols and soaps
were tested. The results with Aerosol O.T. and Aerosol O.S. were
as follows:
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Titer of anti-typhosus serum against B. typhosus
0.85%o NaCl ........ .................... 1:20,000
0.5%o Aerosol O.T. in 0.85%o NaCl .................... 1:10
0.05%o Aerosol O.T. in 0.85%o NaCl .................... 1:100
0.005%o Aerosol O.T. in 0.85%o NaCl ................ 1:20,000
Titer of antiserum against Staphylococcus aureus
0.2%o NaCl ....... ..................... 1:1280
4% Aerosol O.S .............................<1:10
0.04%So Aerosol O.S. ............ ................ <1:10
Both of these compounds caused an apparent drop in antiserum
titer. Incidentally, it may be noted that it is here possible to use
Aerosol O.S. in much more concentrated solutions than in the pre-
cipitin tests, since microscopic readings could be made of cloudy
suspensions.
Sodium lauryl sulphate was tested with a number of staphylo-
coccus and B. typhosus antigens. Similar lowering of titer was
obtained when the antigens consisted of living, formolized, or lyo-
philed bacteria. Typhosus antigens were, in general, more influ-
enced by lauryl sulphate than were staphylococcus antigens.
Heat-killed Heat-killed Formolized
typhosusantigen staphylococci staphylococci
0.85%o NaCl 1:5120 1:640 1:2560
0.5% Lauryl sulphate <1:10 1:10 1:40
0.25% Lauryl sulphate 1:10 1:20 1:80
0.05% Lauryl sulphate 1:320 1:320 1:1280
0.025% Lauryl sulphate 1:2560 1:640 1:2560
0.005% Lauryl sulphate 1:5120 1:640 1:2560
0.0025%o Lauryl sulphate 1:5120 1:640 1:2560
Incidentally, it was noticed that in a concentration as low as
0.025 per cent of the ester some swelling, a change in staining prop-
erties, and some lysis of the typhoid bacilli took place. Sodium
lauryl sulphate, in 0.5 per cent solution, left very few intact organ-
isms in the test-tube. In contrast, lysis of staphylococci or change
in morphology was never exhibited under any conditions.
Hemagglutination tests
For conducting hemagglutination tests, sodium lauryl sulphate
was used as the test reagent in both isoagglutination and heteroag-
glutination reactions. For the isoagglutination tests upon one-halfYALE JOURNAL -OF BIOLOGY AND MEDICINE
of a glass slide were placed 1 drop of serum of theidesired dilution,
1 drop of 1.7 per cent NaCl, and 1 drop of a suspension of erythro-
cytes. This constituted the control.- On the other half were placed
similar fluids, except that the 1.7 per cent NaCl- contained sodium
lauryl sulphate of known concentration. The 1.7 per cent NaCl
was used to raise the final concentration of NaCl of the mixture to
approximately 1.1 per cent for it had been observed that a slightly
hypertonic salt solution lessened the hemolytic effect of sodium
lauryl sulphate.
After mixing the ingredients by stirring, the slide was left at
room temperature for twenty minutes. The drops were then rotated
vigorously by tipping the slide and were examined for agglutination.
As a result of such testing it was concluded that agglutination of
erythrocytes was inhibited in the presence of sodium lauryl sulphate,
such inhibition being demonstrated by 0.05 per cent of the reagent,
but not by higher dilutions. When a concentration of 0.5 per cent
lauryl sulphate was employed, agglutination occurred only with
undiluted serum and then the clumps were definitely smaller than
in the control. When less of the reagent was-used agglutination
was never completely prevented, but the clumps of red cells were
always smaller than in the absence of the reagent.
Tests of heteroagglutination were similar to the above except
that it was necessary to suspend the erythrocytes in human group 0
serum diluted 1:4 to protect the cells from hemolysis, since the anti-
serum was used in numerous dilutions, the higher of which could
give no protective action against lauryl sulphate hemolysis.
The heteroagglutinating serum was produced in the rabbit by
injection of human group A erythrocytes, but its titer was no higher
for A cells than for those of group 0.
In heteroagglutination, as had been true in isoagglutination,
inhibition with 0.05 per cent lauryl sulphate was definite but slight.
It was concluded that both were similarly influenced by lauryl sul-
phate; in both systems one type of cell was not affected more than
another; and the agglutination of group 0 cells was inhibited as
nmuch as were reactions with the groups containing A and B antigens.
Mechanism of action of surface-tension depressants
If the fact is accepted that certain of the surface-tension depres-
sants can modify the course of serological reactions, it is of interest
to question how this effect is brought about. Studies of this problem
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are here confined to the action of sodium lauryl sulphate and, to a
less extent, cetyl pyridinium bromide. Sodium lauryl sulphate was
chosen as a medium for extensive investigation because it gave dear
solutions and never produced non-specific precipitates with normal
serum as did some of the other surface-active substances.
Test for permanent change in the antigen. Conceivably sodium
lauryl sulphate might affect agglutination by producing an alteration
in the antigen, rendering it inagglutinable. Appropriate tests car-
ried out with both the Staphylococcus aureus andB. typhos-us antigens
demonstrated that lauryl sulphate did not act by producing a
permanent change in the antigen. Furthermore, by absorption tests
it was shown that the physically altered bacteria (B. typhosus) were
still capable of absorbing antibody.
Additional tests indicated that inagglutinability was not due to a
temporary reversible change in the antigens such as made them
incapable of absorbing antibody.
Test for denaturation of antiserum. Titrations designed to show
whetherlauryl sulphate could destroy specificity or combining power
ofthe antibody indicated that no denaturation of antiserum occurred.
Antiserum was absorbed approximately to titer in the presence of
lauryl sulphate and the rate of absorption was unchanged. These
titrations were made by centrifuging the antigen-antibody mixtures
and finding that agglutination would take place in lauryl sulphate
if centrifugal force were applied.
Test for possible alteration of charge. Having ascertained that
lauryl sulphate does not act by changing the physical properties of
either the serum or the bacteria, it was logical to investigate its effect
upon charge, since in the quoted work of Falk and Jacobson it had
been reported that pneumococci carried an increased negative charge
when in sodium oleate.
Acid agglutination was the first method adopted to study charge.
It has been demonstrated by many, including Teague and Buxton,30
Arkwright,l and Szent-Gyorgyi,28 that the point of acid agglutina-
tion is related to the relative charge on the organisms. Thus it was
of interest to see what effect the ester lauryl sulphate would have
uipon acid agglutination, to determine whether agglutinatio-n would
take place at all and, if so, whether the zone would be shifted.
The strain of B. typhosus Hopkins which had been used in all
of the agglutination tests up to this time, proved to be inagglutin-
able by acid and was replaced by the Rawlings strain.YALE JOURNAL OF BIOLOGY AND MEDICINE
The technic consisted in adding 0.5 cc. of a washed 24-hr. cul-
ture in distilled water to 0.5 cc. of undiluted buffer and incubating
at 450 C. For agglutination of B. typhosus McIlvaine's Na2HPO4-
citric acid buffers served as the basic menstruum. In agglutination
of the staphylococcus S'orensen's HCI-glycine-NaCl buffers were
employedtogive thelowpH necessary. All tests were run in dupli-
cate, to one set lauryl sulphate was added to the distilled water used
to dilute the antigen.
With both organisms marked changes in acid agglutination were
found in the presence of lauryl sulphate. In a concentration of
0.025 per cent the ester caused the point of optimum agglutination
to shifttowardthe acid side. Withoutthe surface-tension depressant
the Rawlings strain agglutinated earliest at pH 2.97, whereas with
0.0025 per cent lauryl sulphate the first tube showing agglutination
wasthatwith apH of2.40. More concentrated solutions completely
prevented agglutination.
With staphylococcus antigen the tendency again was to cause
the zone of optimum agglutination to shift to a more acid range, but
it took larger quantities of the ester than in the case of B. typhosus,
as might be expected from the fact that with B. typhosus serum
agglutination is more easily inhibited by lauryl sulphate than is
Staphylococcus aureus serum agglutination.
In concentrations of 0.25 and 0.025 per cent the ester caused a
marked shift in the optimum zone of staphylococcus agglutination
and also a delayed appearance of agglutination. It has been shown
by Northrop and DeKruif20 that the rate of agglutination is a func-
tion of initial charge and that the farther away from the isoelectric
point, the longer the time required for an effective amount of
charge-reducing substance to bring the bacterium to the isoelectric
point. Thus, the shift of the isoelectric point toward the acid side,
and a postponement of agglutination both suggest that lauryl sul-
phate mayincreasethenegative charge onthe antigen. Experiments
with cataphoresis were undertaken to test this hypothesis, the mobil-
ity of the organisms being measured in the presence and absence
oflauryl sulphate by means ofa micro-apparatus of the type devised
by Northrop and modified by Kunitz.18
Readings of the rate of movement of the organisms were made
at 0.21 and at 0.5 of the total fluid depth of the chamber. The
so-called stationary level of the fluid is at 0.21, where the move-
ment of suspended particles is not increased or decreased by endos-
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mosis of the menstruum.16 The readings made at one-half of the
depth of the fluid were multiplied by 2/3 to obtain the true
velocities.
In most of the determinations serum was used to give solutions
corresponding more exactly to those employed in agglutination
tests. The least amount of serum found by previous titration to
give agglutination was employed. Results with and without serum
were approximately the same. The viscosities of the solutions were
determined in an Ostwald viscosimeter.
To obtain a menstruum with a constant pH it was necessary to
utilize buffered solutions instead of the saline used in serum agglu-
tination. In order that the results obtained might be correlated with
serum agglutination, titrations of the agglutination reactions were
made in McIlvaine's buffer. It was found that agglutination of
B. typhosus by serum would not take place in Na2HPO4-citric acid
buffer at apH of 7.2, either with or without lauryl sulphate. Doubt-
less, this is due to the fact that the negative citrate ion is absorbed to
the bacterial surface and thus maintains the charge of the bacilli
above the critical potential. Titrations conducted in the same buffer
at pH 6.6 were entirely satisfactory; agglutination by serum was as
active as in saline and the agglutination could be inhibited by lauryl
sulphate. An antiserum which caused agglutination of B. typhosus
in a dilution of 1:1280 did not cause agglutination when diluted
more than 1:10 if 0.25 per cent of lauryl sulphate were present.
Formolized typhoid antigen was used both in the agglutination tests
and in the cataphoresis determinations to be discussed. Mobilities
of the typhoid organisms are given below.
LAURYL SULPHATE AND CATAPHORESIS OF B. TYPHOSUS
A//sec.volt/cm.
Diluent: (direction toward positive pole)
M/20 Buffer and anti-typhoid serum 1:10,000............ 3.9
Same plus 0.25% lauryl sulphate ................................ 7.8
Same plus 0.025%o lauryl sulphate .............................. 8.2
No attempts were made to calculate the t potential of the par-
ticles because it is generally agreed that too many factors, not
capable ofmeasurement, are involved in its determination. Viscosity
measurements of the fluids used showed that the addition of 0.25
or 0.025 per cent lauryl sulphate did not make any detectable
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ing only organisms and serum. This was true for both the staphy-
lococcus and typhoid antigens. Therefore, it can be said that changes
in mobility are directly related to the charge on the antigens and in
the present case it is obvious that lauryl sulphate, even in 0.025 per
centconcentration, imparts tothebacilli an increasednegative charge.
The above table indicates, from its values of %/sec./volt/cm.,
that the charge on the bacilli is slightly less in 0.25 per cent than in
0.025 per cent of the ester. This irregularity may actually exist,
although it is also possible that since the more concentrated solution
was always examined 20 or 30 minutes before the examination of
the 0.025 per cent solution, increased adsorption may account for
the apparent higher charge on the bacteria in the more dilute solu-
tion. The same irregularity will be noticed for staphylococci.
With the staphylococcus it was possible to conduct serum-
agglutination in McIlvaine's buffer at pH 7.2 and such a solution
was employed in the cataphoresis studies. A set of typical readings
for mobilities of heat-killed staphylococcus with and without lauryl
sulphate is given below.
LAURYL SULPHATE AND CATAPHORESIS OF STAPHYLOCOCCUS
p/sec./volt/cm.
(direction toward positive pole)
M/20 Buffer and anti-staphylococcus serum 1:30 ...... 4.7
Same plus 0.25% lauryl sulphate ................................ 5.2
Same plus 0.025% lauryl sulphate .............................. 6.0
Same plus 0.0025%o lauryl sulphate ............................ 4.9
As with B. typhosus an increased negative charge on the staphylo-
cocci in the presence of lauryl sulphate was demonstrated. Lyo-
philized staphylococci gave similar results.
Additional studies with lauryl sulphate supported the inference
that this agent acts by influencing charge. An investigation of the
extent to which temperature influences lauryl sulphate inhibition
was one of such studies.
The part which temperature plays in lauryl sulphate action was
investigated by making triplicate agglutination sets, incubating one
set at room temperature, one at 370 C., and one at 56° C. Results
of such parallel determinations, using living antigens, are presented
in.Fig. 1.
Similar graphs could be prepared from the data obtained with
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heat-killed and formolized antigens. Action at 370 C. was interme-
diate between that at room temperature and 560 C.
This observed increase in activity of lauryl sulphate at higher
temperatures is not to be explained by increased adsorption of the
FIG. 1. Influence of temperature on the activity of sodium lauryl sulphate.
ester, since the influence of temperature on the adsorption process is
generally small and, as a rule, decreases with rising temperature.
By observation of the influence of time on the action of lauryl
sulphate additional data were obtained which correlated with the
assumption that this substance acts through its effect on the charge.
According to the general conception of the phenomenon, the
charge of a particle is altered following the adsorption of the influ-
ential substance. Only in the adsorbed state is a foreign substance
able to neutralize or strengthen the electrical forces of a surface.
Therefore, in considering the action of a compound one must regard
not only the potentialities of the substance to alter charge but also
the degree to which it is concentrated on the surface of the particle.
It was observed that the activity of lauryl sulphate steadily increased
with the progression of time, as illustrated below (Fig. 2).
The graph shown re-
fers to tests with living Im _i' 4- d
staphylococcus incubated " -
at 560 C. Incubation at ___
lower temperatures also
'
- v
demonstrated the function z - _ _
of time, but to a less de- -
gree. Formolized and o so 0
heat-killed staphylococcus
antigens behaved in a man- Fia. 2. Influence of time on the sodium lauryl sulphate
ner similar to the living inhibition of serum agglutination of the staphylococcus.YALE JOURNAL OF BIOLOGY AND MEDICINE
antigen. Comparable graphs could be constructed for agglutination
of B. typhosus, though with this bacterium inhibition of agglutina-
tion was marked at all periods and the influence of time, though
evident, was less distinct than with staphylococci.
An explanation for the steady increase of the activity of lauryl
sulphate with the progression of time may be found in the fact that
adsorption of certain substances increases with duration of exposure.
Sodium oleate is one of many substances whose molecules do not
instantaneously concentrate in the surface of water, but appear there
in increasing numbers up to two hours (Du Nouy5). Beyond the
two-hour period the adsorption of sodium oleate in surface films has
notbeen thoroughly studied, but the investigations of Du Nouy indi-
cated that adsorption may continue at a very slow rate. There is at
present no definite information, however, to indicate that adsorption
at the surface, and by analogy, adsorption at other interfaces, is
narkedly greater at the end of four days than at the end of one day,
or decidedly greater at the end of one day than at the end of two
hours; nevertheless, an assumption that lauryl sulphate concentrates
on the bacterial surfaces in increasing amounts as time passes is the
best explanation available at present of the increased influence of the
ester with increased time ofincubation.
Discussion
The present investigation was undertaken to determine whether
surface-tension depressants might alter the sensitiveness of antigen-
antibody systems by changing the tension at the interface of the
antigen and menstruum.
One pertinent fact in relation to surface-active compounds and
immunological systems was very dearly evidenced by these studies;
a measurement of the surface tension at the interface of the men-
struum andair could not be used as an index of either the degree or
the direction of change in stability which the fluid would produce
in a serological system. Of three solutions having the same tensi-
ometerreading,one might havetheproperty ofcompletelyinhibiting
"flocculation" in an immunological system, a second might cause
non-specific precipitation of both serum and antigen, while the third
would be without influence. Furthermore, the same solution under
varied conditions might differ radically in its action on antigen
stability, whereas its surface tension remained practically constant.
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Alcohols were the class of surface-active substances investigated
which did not alter the course of the reaction in precipitation and
agglutination tests in any detectable manner. By the use of the
optimal proportions method for precipitation any slight change in
the rate of reaction could have been observed as well as any change
in the end-point.
All of the soaps studied were capable of inhibiting immunologi-
cal reactions.
Oftheesters studied, all but one inhibited the activity in serolog-
ical systems: the exception was cetyl pyridinium bromide, which
spontaneously agglutinated bactetia and precipitated serum. From
the workof Falk and Jacobson7 it appeared that sodium oleate inhib-
ited bacterial agglutination by means of an increment of the nega-
tive electrical charge on the organisms. In the present paper it is
shown that lauryl sulphate has a behavior similar to that of sodium
oleate in increasing the negative electricity on the bacterial surface.
It was found that cetyl pyridinium bromide, which acts in an opposite
manner byspontaneously agglutinating bacteria, does so by markedly
lowering their charge.
The salt content of the menstruum was found to be very sig-
nificant in determining the extent of change which a soap or ester
could effect in a flocculation or agglutination reaction. Not only
increasing the amount of sodium chloride, but likewise increasing
the amounts of other salts, such as sodiumdihydrogen phosphate and
citric acid in the buffer solutions, tended to render soaps and esters
less influential in serological systems. This is probably related to
the ability of salts to throw soaps out of solution, a process which,
with less concentrated salt, consists merely in depressing the ioniza-
tion ofthe soap. Of the soaps and esters investigated, sodium oleate
was the one most affected in its activity by the presence of salt, a
characteristic which is correlated with the ease with which it is pre-
cipitated from solutions by sodium chloride and other salts, com-
pared with the lesser effects of such substances on sodium myristate
and other soaps which have smaller molecules.
In the present study it could not be demonstrated that lauryl
sulphate markedly changed its activity with the variation of type of
antigen. Human erythrocytes behaved in the same manner regard-
less of their group-specific antigens, and the staphylococcus and
typhoid antigens prepared by several methods behaved similarly to
each other and to the erythrocytes. This suggests a common "recep-1YALE JOURNAL OF BIOLOGY AND MEDICINE
tor substance" of the bacteria and red cells, a substance which in the
case of the typhoid bacteria was not destroyed by autoclaving, heat-
ing at 600 C. for two hours, formalin treatment, or by lyophiling.
The work by Mellon et al."5 has suggested that such a receptor
might not be found in all organisms, for they noticed that a certain
strain of B. alkaligenes could not be emulsified by sodium oleate.
They explained this peculiarity by suggesting that the lipoid portion
of the bacteria necessary forunion with the carbon chain of the oleate
had been replaced in this strain by an abnormally large fraction of
starch.
It has been stated by Niederhoff 9 and by Takenomata29 that
saponin inhibits precipitin reactions, a finding which is not explained
by the present work, since the glucosides of saponin would not be
expected to ionize.
It may be said that the change in electrical properties of the
surface of antigens in the presence of soaps and esters was of suffi-
cient magnitude to account for the influence of the surface-active
substances on immunological reactions. In addition, the hypothesis
that these compounds act through surface-tension changes is contra-
dicted by recent measurements of the interfacial tension which
actually exists between single cells and the surrounding fluid. The
subject of interfacial tension at cell surfaces has been reviewed bv
Harvey and Danielli,10 who concluded that reliable figures for all
types of cells investigated to date, including sea-urchin eggs, worm
eggs, amebae, and macrophages, give values for the interfacial ten-
sion of about 1 dyne or less per cm. A comparable figure, 0.45
dynes per cm., was obtained by Vexler32 for the interfacial tension
at the surface of a slime-mould. It is believed that a globulin-like
protein is oriented on the cell surface and lowers the interfacial
tension there more than could any simple organic compound noted
for its activity at an air-fluid interface.
For the present it appears advisable to speak of agglutinating
forces in terms of charge and hydrophobic surfaces until interfacial
tensions of bacteria are measured and the role of surface forces in
general is elucidated. Generalizations for all surface-active sub-
stances cannot be made from the classes here studied; it can only be
concluded that the compounds investigated probably owe such ability
as they possess in influencing immunological systems to their effect
on the electrical charge of the antigen surface.
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Three classes of surface-active agents-alcohols, soaps, and
esters-were introduced into serological systems in an attempt to
ascertain whether such agents could modify specific aggregation.
The soaps and three of the esters employed did inhibit immu-
nological reactions. Another ester, cetyl pyridinium bromide, exhib-
ited an opposite behavior, that is, it decreased the stability of
antigens and caused non-specfic precipitation of serum. The alco-
hols did not alter the serological reactions in any detectable manner.
Detailed studies indicated that sodium lauryl sulphate, chosen
as an example of the ester dass, inhibited serological reactions
through its property ofincreasing the negative charge on the antigen,
and not by denaturation of the antiserum or antigen. Cataphoresis
determinations with cetyl pyridinium bromide, on the other hand,
demonstrated that this compound decreases the charge on the antigen
surface.
It was observed that the compounds which increase antigen sta-
bility have the common characteristic of ionizing with their large,
non-polar, organic portion as an anion. Cetyl pyridinium bromide,
in contrast, ionizes with its organic, hydrophobic portion as a cation.
Itwasconcluded thatthesurface-active agents studied alteredantigen
stability because they formed highly adsorbed ions, and that the
alcohols were inactive because they do not ionize. The behavior of
surface-tension depressants in immunological systems can be corre-
lated with their influence on the charge of the antigen particle, but
it cannot be correlated with their probable action on interfacial
tension.
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